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THE EFFECT OF ACID PHOSPHOMONOESTERASE OF WHEAT BRAN ON 
N-BENZOYL-O-PYROPHOSPHOSERINE METHYL AMIDE 

[Deistvie kisloi fosfomonozeterazy otrubei pshenitsy na metilamid N-benzoil-O-pirofosfoserina] 

One possible approach to solving questions of the chemical nature of the phosphorus 
bonds of phosphoproteins and their conversions during metabolism is the synthesis of model 
compounds and investigation of their properties. In connection with this we worked out synthesis 
methods and investigated some properties of diseryl pyrophosphates [1] and seryl 
pyrophosphates [2]. 

The pyrophosphorus bonds of seryl pyrophosphates are easily hydro lyzed by such 
enzymes as alkali phosphatase of E. coli [3] and inorganic yeast pyrophosphatase [4], 
O-pyrophosphoserine is hydrolyzed by the acid phosphatase of wheat bran [5]. In the presence of 
serine or ethanolamine a phosphotransferase reaction takes place in the reaction mixture, along 
with the hydrolysis of N-benzoyl-O-pyrophosphoserine methyl amide [I] by alkali phosphatase 
of E. coli, i.e., enzymatic synthesis of phosphoserine or phosphoethanolamine takes place [6]. 

The results of hydrolysis of N-benzoyl-O-pyrophosphoserine methyl amide (I) by wheat 
bran acid phosphatase was studied with the goal of ascertaining the ability of this enzyme to 
catalyze the phosphotransferase reaction involving seryl pyrophosphate (I) and N-nitrophenyl 
phosphate. It was established that seryl pyrophosphate (I) rapidly hydrolyzes under the effect of 
the acid phosphatase, primarily forming N-benzoyl-O-phosphoserine methyl amide (II) and 
phosphoric acid. 

CH a CHCONHCH 3 CH a CHCONHCH s 
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We investigated the dependence of the percent of enzymatic decomposition of seryl 
pyrophosphate (I) on the pH of the reaction medium (figure). It follows from the data that were 
obtained that seryl pyrophosphate (I) is hydrolyzed by wheat bran phosphatase at a high rate; the 
highest enzyme activity is seen in the pH 5.0-5.5 region. Hydrolysis of seryl monophosphate (II) 
was carried out in order to compare the rates of decomposition of the pyrophosphorus and 
phosphomonoester bonds (see figure). It should be emphasized that the rate of decomposition of 
the pyrophosphorus bond of seryl pyrophosphate (I) is significantly higher than that of the 
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phosphomonoester bond of seryl monophosphate (II). Thus, at pH 5.0 (37°C) in an acetate buffer 
seryl pyrophosphate (I) decomposes by 71% in 15 min, while seryl monophosphate (II) 
decomposes by 12.8%. 

The composition of the buffer has little effect on the percent of hydrolysis of I and II (at 
pH 5.0 I hydrolyzes by 65.4% in a citrate buffer and 71% in an acetate buffer). It was noted 
earlier that the composition of the buffer had a significant effect on the rate of hydrolysis of 
O-pyrophosphoserine (at pH 5.5 O-pyrophosphoserine hydrolyzed by 53% in a citrate buffer, but 
by 16% in an acetate buffer [5]). 

It is known that many alkali [7] and acid [8] phosphatases have phosphotransferase 
activity, in addition to phosphatase activity. It was necessary to ascertain the ability of the acid 
phosphatase to catalyze the synthesis of phosphoric esters. Seryl pyrophosphate [I] was used as a 
donor of a phosphoric acid residue, and ethanolamine was used as an acceptor. Analysis of the 
reaction mixture showed that hydrolysis of seryl pyrophosphate (I) by acid phosphatase from 
wheat bran in the presence of the acceptor is not accompanied by a phosphotransferase reaction. 
It was still unclear to what the absence of synthesis activity was due — to the properties of the 
donor or of the enzyme. Therefore, studies were carried out with one of the most widely used 
donors in phosphotransferase reactions of phosphomonoesterases — p-nitrophenyl phosphate. The 
course of the reaction was observed by determining the quantities of p-nitrophenyl and 
phosphoric acid. Glucose, ethanolamine, methyl and propyl alcohols, glycerol and butane- 1,4- 
diol were used as acceptors. The ratio of the concentrations of p-nitrophenyl phosphate to 
acceptor was varied for glucose in the following ranges: 1:12.5; 1:25; 1:50; 1:100; 1:200; 1:300; 
1:1000; for ethanolamine: 1:100; 1:200; 1:300; 1:500. For the other acceptors this ratio was 
1:500. The incubation time with glucose and ethanolamine was from 5-30 min, with propanol it 
was 15 min to 3 h. For the other acceptors the incubation time was 15 min, the reaction was 
conducted at 25 and 37°C and pH 5.5, and with propanol also at pH 5.2. However, equimolar 
quantities of p-nitrophenol and inorganic phosphate were detected in all instances. All of these 
data speak of absence of phosphotransferase activity for the acid phosphatase. The results 
suggest that the structure of the active center and the mechanism of action of the acid 
phosphatase from wheat bran differ from those for nonspecific alkali and acid phosphatases with 
phosphotransferase activity. 
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Hydrolysis of pyrophosphoric bond of seryl pyrophosphate (I) and phosphomonoester bond of 
seryl monophosphate (II) by wheat bran acid phosphatase in dependence on pH. 



It should be noted that in the literature there are data indicating that a preparation that 
hydrolyzes phosphomonoesters and phytin, but does not have phosphotransferase activity, has 
been isolated from rye seeds [9]. 

Experimental part 

A freeze dried preparation of acid phosphatase from wheat bran produced by the Reanal 
Company, Hungary, was used in the study; an aqueous solution containing 1 .5 mg per mL was 
prepared. 

N-Benzoyl-O-pyrophosphoserine methyl amide and N-benzoyl-O-phosphoserine methyl 
amide (II) were synthesized by previously described methods [10-11]. The amount of inorganic 
phosphate was determined by a modification of the Fiske-Subbarow technique [12]; 
6-nitrophenol was determined spectrophotometrically by measuring the density of its color in an 
alkaline solution at 400 \im and comparing it with the density of a standard solution of 
p-nitrophenol. 

The concentration of solutions of seryl pyrophosphatase (I), seryl monophosphate (II) and 
p-nitrophenyl phosphate was found by mineralizing the substances to the inorganic phosphate 
(140-150°C, 3 h with HC10 4 ). 

Analysis of reaction mixture. The analysis was carried out on an amino acid analyzer 
made by Evans Electroselenium Limited LGD (England) after stopping the reaction by adding an 
equal volume of 10% TCA, 10 min centrifuging at 3000 rpm and bringing the solution up to a 
pH of 2.2. The mixture was applied to a column (0.9 x 150 cm) containing Amberlit CG-120 (CI) 
resin; it was eluted with a 0.2M citrate buffer with pH 3.25. 



Key: 1 



Hydrolysis of pyrophosphate bond, % 
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The reaction mixture was analyzed by column chromatography on a Dowex 1 x 2 anion 
exchange resin (200-400 mesh, 47 x 1 .8 cm). The substances were eluted with a steadily rising 
gradient: from 0.1M formic acid to 1M pyridine formate (mixing vial volume 650 mL). Under 
these elution conditions the phosphoethanolamine emerged in the first 100 mL eluate. The eluate 
was vacuum evaporated to a small volume (0.3-0.5 mL) and analyzed by paper chromatography 
in a system consisting of propanol and 2N ammonia (70:30), by electrophoresis (1000 V, 2 h, 
pH 5.6), and by mineralization at 140-150°C for 3 h using HC10 4 . 

Enzymatic hydrolysis. The process was studied by using a reaction mixture containing 
1 jimol substrate, 2 nmol MgSCU, 50 (imol citric or acetate buffer and 150 \ig enzyme in 1 mL; 
the mixture was incubated for 15 min at 37°C. The reaction was stopped by adding an equal 
volume of 10% trichloroacetate and the quantity of separated inorganic phosphate was 
determined. 

Phosphotransferase activity of acid phosphatase. The study was carried out in a reaction 
mixture containing 5 (imol seryl pyrophosphate (I) or p-nitrophenyl phosphate, 500 nmol 
ethanolamine previously brought up to pH 5.5 by adding HC1 and 250 \ig enzyme in 0.5 mL. The 
mixture was incubated for 30 min at 37°C and analyzed on the amino acid analyzer. 

The reaction mixture (pH 5.5) containing 5 [imol seryl pyrophosphate (I), 1000 \imo\ 
ethanolamine and 125 \ig enzyme in 0.5 mL was held for 30 min at 37°C; it was analyzed by 
column chromatography. 

The reaction mixture containing 1 (irnol p-nitrophenyl phosphate, 500 \xmo\ methanol, 
propanol, glycerol, glucose or butane- 1,4-diol, 50 \imol acetate buffer with pH 5.5 and 150 \ig 
enzyme in 0.5 mL was incubated for 1 5 min at 25°C. The reaction was stopped by adding 10% 
trichloroacetate. The quantity of p-nitrophenol and phosphoric acid was measured in an aliquot 
portion of the resulting solution. In all cases the formation of equimolar quantities of both 
hydrolysis products was observed. 

How the concentration of the acceptor affects the phosphotransferase activity of the 
enzyme was determined by several methods: a) in a reaction mixture containing 5 junol 
p-nitrophenyl phosphate, 500, 1000 or 2000 nmol glucose, 50 \imo\ acetate buffer (pH 5.5) and 
150 ng enzyme in 0.5 mL; the mixture was incubated for 10 min at 25°C; the quantity of 
liberated p-nitrophenol and phosphoric acid was found in an aliquot portion of the reaction 
mixture and equimolar quantities of both substances were detected; b) a reaction mixture 
(pH 5.5) containing 5 nmol p-nitrophenyl phosphate, 500, 1000 or 1500 nmol ethanolamine and 
150 ng or 600 \xg enzyme in 0.5 mL was incubated for 5 min at 37°C. Further processing was as 
in (a). 

The effect of the incubation time on the phosphotransferase activity of the enzyme was 
determined by: a) in a reaction mixture (pH 5.5) containing 5 jimol p-nitrophenyl phosphate, 
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500 jAmol ethanolamine and 150 jag enzyme in 0.5 mL; the mixture was incubated for 5, 20 and 
40 min at 37°C; b) a reaction mixture containing 1.0 ^mol p-nitrophenyl phosphate, 500 jimol 
propanol, 50 nmol acetate buffer (pH 5.5 or 5.2) and 30 \ig enzyme in 0.5 mL was incubated 1 or 
2 h at 25°C. Formation of equimolar amounts of p-nitrophenol and inorganic phosphate occurred 
in all instances. 

The seryl-containing compounds used in the study were derivatives of D,L-serine. 
Conclusion 

The pyrophosphoric bond of N-benzoyl-O-pyrophosphoserine methyl amide is broken by 
the acid phosphatase from wheat bran. The rate of decomposition of the pyrophosphoric bond is 
significantly higher than that of the phosphomonoester bond. The preparation of acid 
phosphatase from wheat bran does not catalyze a phosphotransferase reaction, which indicates 
the different structure of the active centers and the mechanisms of action of acid phosphatase 
from wheat bran and alkali phosphatase from E. coli. 
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He&CTGue kucaoH <poc<poM0HO3CTepa.3t>i OTpyhed nmeHUu,bi 



yUK 547.963 

flEHCTBHE KHCJ10H *OC4>OMOH03CTEPA3bI OTPYEEH 
niUEHHUbl HA METHJIAMHfl 
N-BEH30HJI-0-nHPO*OC<l>OCEPHHA 

C. M. Aeaeea, H. B. PacoKosa ■ , - . 

OflHHM H3 B03M0JKHMX nOUXOHOB K pemeHHIO BOnpOCOB O XHMHWeCKOM 

npHpo^e 4>oc4)opHi»ix cBH3efi (pooponpoTeHHOB h 06 hx npeBpameHHstx b 

MeTaOOJIH3M6 HBJIHeTCH CHHTe3 MOfleJIbHblX COeAHHeHHH H HCC^eflOBaHHe 
HX CBOHCTB. B CBH3H C 3THM Mbl pa3pa6"0Ta/IH MeTOflbl CHHTe3a H H3yMHJIH 

HeKOTOpwe CBOricTBa AHcepHJin«pocpoc$aTOB [1] h cepHJinHpo<poc<paTOB [2] 
UHpo^occpopHbre CBH3H cepHJinnpotpoapaTOB JierKO rH^po^HayiQTca 
TaKHMH 4>epMeHTaMH, xaK mejio^Hafl <pbc<paTa3a E. coli [3] h HeopraHHuec- 
Kan nHpo<poc<paTa3a flpoaoKen [4], 0-nHpo<poci})ocepHH rn,apojm3yeTCH 
khcjioh <poc<paTa3oii oTpydefl muenHitw [5]. B npncyTCTBHH cepHHa hjih 
STaHOJiaMHHa b. peaKijHOHHOH cMecri Hap^Ay c rH^po^H30M MeTHJiaMHaa 
jV-6eH30HJi-0-nHpo<poc<pocepHHa (I) mejioqHoft (poc<para30H E. coli npoHc- 
xoflHT (poc<poTpaHC(pepa3Haa peaKUHH, t. e. nnei (pepMeHTaTHBHbiH CHHte3 
(poc<£ocepHHa hjih 4>oc<$>03TaHOJiaMHHa [6}. 

B HacTOHmefi pa6oTe npHBe/jeHbi pe3yjibTaTbi rHflpojiH3a MeTHJiaMH- 
Jia A^-6eH30HJi-0-nHpo$oc(pocepnHa (I) khcjioh $oc<paTa3oii OTpy6efi nme- 

HHULbl C UeJIblO BblHCHeHHH B03M0JKH0CTH 3TOrO (JiepMeHTa KaTaJlH3HpOB3Tb 

4)oc(poTpaHc«pepa3HyK) peaxmiio c yiacTHeM cepnjmHpo4)oc<paTa (I) h n- 

HHTpO(peHHJI(pOC<paTa. yCTaHOBHJIH, qTO nOfl fleftCTBHeM KHCJIOH $oc4)aTa3hi 

cepHjinHpo$oc<J)aT (I) 6ticTpo rHApoJiH3yeTCH, o6pa3ya b nepayio o*ie~ 
peAb ueTHJiaMHA N-6eH30HJi-0-cpoc<pocepHHa (II) h <poc<popHyio KHCJioTy. 
CH 2 CHCONHCH 3 CH a CHCONHCH 3 
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Mm HccjieaoBajiH 3aBHCHMOCTb npoueHTa (pepMeHTaTHBHoro pacmen- 
JieHHa cepHJinapocpoctpaTa (I) ot pH peaKimoHHOH cpe#bi (pncyHOK). H3 
nojiytieHHbix aaHHbix cjiezcyeT, q-ro cepHJinHpo<poc(paT (I) rHflpojiH3yeTca 
<poc<paTa3oft H3 oTpy6eft nmeHHUN c bwcokoh CKopocrbio; HawooJibHiaa aK- 
THBHOCTb <pepweHTa npOHBJiHeTca b o6jiacTH pH 5,0—5,5. Run cpaBHeHHH 
cKopocTeft pacwenjieHHa nHpocpoccfcopkoH h (poc(j)OMOH09(pHpnoH cBH3efi 
npbBe/iH rH^pojiH3 h cepHJiMOHO^oc^aTa (II) (cm. pHcyHOK). CjieayeT 
noztnepKHyTb, *ito cKopocTb pacmenjieHHji nnpoipoc(popHOH cb«3h cepHJi- 
n«po(poc<paTa (I) 3HaqHTejibH0 Bbiuie, qeM (poc^OMOHoa^HpHOH cbh3h ce- 
pHJiMOHOcpoccpaTa (II). Ta K , npn pH 5,0 (37°) b aueTaTHOM 6 y( J)epe ce- 
p.HJinHpo<})occ£aT (I) pacmenjiaeTC« 3a 15 mhk. Ha 71%, a cepHJiMOHOioc- 
4>ax (II) — Ha-12,8%. r ,. 

CocTaB 6y(pepa Ma^o bjihhct- Ha npoueHT rHflpojiH3a I h II (npa 
pH 5,0 b UHTpaTHOM 6y$epe I rHflpojiHsyeTca Ha 65,4%, a b aueTaTHOM— 
aa 71%). PaHee OTMeia/iocb, hto Ha CKopocTb rHApojinsa 0-nHpo4>oc(poce- 
p«Ba cotTaB 6y<J)epa OKa3biBaji cymecTBeHHoe bjihhhh6 (npn pH 5,5 * 
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UHTpaTHOM 6y$epe OnHpo4)oc4>ocepHH rHflpojiH30Bajica na 53%, a b 
aiieraTHOM— Ha 16 [5], 

H3B6CTHO, HTO MHOTHe IUeJIO^Hbie [7] H KHCJlble {8] (|)OC(J)aTa3bI, nOMH- 

mo ^occfaTaaHOM, o6jiaaaioT TaKHte 4>oc(f>oTpaHc4>epa3Hoii aKTHBHoc-rbio. 
Heo6xo/uiMo 6huio BbiHCHHTb cnoco6HocTb KHC^oft (J)oc(J>aTa3bi Ka'Tajia- 

3HpOBaTb CHHTG3 4>OC4)OpHblX 3<J)HpOB. B KaqecTBe JIOHOpa OCTaTKa $oc- 

(J)opHoft KHCJioTbi Hcno^b30BajiH cepHJinHpoc|>oc<$)aT (I), a anuenTopa — 

STaHo^aMHH. Ana^H3 peaKitHOHHoft cmgch 
noica3a/i, mto rHflpojiH3 cepHJinHpo<J)oc(J>aTa 
(I) khcjioh <£oc(|>aTa3oft H3 orpydeii nuie- 
HHiXbi b npHcyrcTBHH anuenTopa He conpo- 
Bo>KflaeTCH <|>oc$OTpaHC<}>epa3HOH peaKUH- 
efi. OcTaBajiocb HencHbiM, c neM cBH3aH0 

OTCyTCTBHG CHHTeTHqeCKOfi aKTHBHOCTH C 

oco6eHHocTHMH AOHopa hjih 4>epMeHTa. Flo- 
3TOMy npoBejiH HccjieflOBaHHfl c oahhm h3 
Hak6oJiee iunpoico Hcnojib3yeMbix flOHopos 
b ; <J>oc$OTpaHc4)epa3Hbix peaKunnx (J)oc<i>o- 

M0HO3CTepa3 — C ft-HHTpO(J)'eHHJI$Oc4)aTOM. 

Ha6jiioaajiH 3a xoaom peaKUHH, onpeflejian 
KOJiH^jecTBa n-HHTpO(J)eHOJia h 4>oc4)Ophoh 
~ , ^ xhcjioth. B Ka^ecTse aKuerrropoB Hcnanb- 

c^°^VS« ^^SS 30B ^ H ™™°*y> ^HWiaMIIH, MeTHJIOBblfi 
HOS^HpHOfi CBH3H cep H JiMOHO<t>OC- H npCMIMJIOBblH CITHpTfel, ITIHUepHH H <5y- 

4>aTa (11) KHCAoft <t>oc4>aTa3oii. H3 TaH-l,4-jiHOJi. OrHouieHHe KOHiieHTpaiuift 
oxpyeefi nuieHHuw b ssbhchmoctm n-HHTpo<peHH^(poc(paTa k aKiieirropy utHh- 
0T pH ' JiK fljia rjsi0KO3fai b cJienyromHX npe/ie/iax: 

. inAn 1 : 12,5; 1 : 25; 1 : 50; 1 : 100; 1 : 200; 1 : 300; 

1 : 1000; juisi 3TaHcwiaMHHa: 1 : 100; 1 : 200; 1 : 300; 1 : 500. An* ocTaflbHbix 
awenTopOB sto OTHoiueHHe paBHO 1:500. Bpe\ia HHKy6aitHH c i\nioK03oft 
h 3TajnojiaMHHOM or 5 flo 30 mhh. h c mponaHOJioM — or 15 mhh. ro 3 qac. 
Jxnx oerajibi-ibix axiteirropOB npo^OJi>KHTejibHOCTb HHKy6aijHH cocraBJisuia 
15 mhh., peaKUHio npoBO^H^H npn 25 h 37° h pH 5,5, a c nponawwioM eme h 
npn pH 5,2. OAHaico bo Bcex c/iyManx 66napy>KHBajiH 3KBHMOJiHpHwe kojih- 
^ecTEa M-HHTpo<peHOJia u HeopraHHnecKoro tpoc(paTa. Bee 3th AaHHbie roBO- 

pHT 06 OTCyTCTBHH <J)OC(J>OTpaHC<pepa3HOa 3KTHBHOCTH y KHCrtOH <}>OC(£>aTa3I>I. 

UojiyyeHHue pe3yjibTaTbi no3BOJiaioT npeAno^oxcHTb, mo cTpoeHHe aKTHB- 
Horo ueHTpa h MexaHH3M fleficTBHfl khcjich cpoc(paTa3H oTpy6eft nnieHHaw 

OTJIH^aiOTCH OT TaKOBUX HecneUHCpHMeCKHX meJI04HilX H KHCJIbTX (j)OC(pa- 

Ta3 C (pOC(pOTpaHC<pepa3HOH aKTHBHOCTbK). 

CjienyeT OTMeTHTb, mo b JiHTepatype HMeioTCH ^anHbie o tom, wto hs 
ceM5iH p>kh BWAejieH npenapaT, rHflpojiHsywiuutt ^)oc(poMOH03(pHpbi h (pn- 
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THH, HO He 06xiaRai0UlKpL tjBoC(J)OTpaHC$epa3HOM aKTHBHOCTblO [9] 

SKCnEPHMEHTAJIbHAJI MACTb 

B pa6oTe Hcno-ab3oBa^H JiH04)HJiH30BaHHbiH npenapaT khcjio^ $oc- 
4>aTa3bi oTpy6eft nuieHHUbi 4)HpMbi «PeaHaji», BeHrpn^; rOTOBHJiH boahmS 
pacTBOp, coAepncatuHft l f 5 mb b 1 ma. 

MeTHJiaMHA iV-6eH30HJi-0-nHpo4)oc4)ocepHHa n MeTH/iaMHH //-6eH30- 
HJi-0-4)oc(J)pcepHHa (II) CHHTesnpoBa^H no panee onHcaHHbiM MerOAaM 
[10 — -II]. KojiHqecTBO neopranHwecKoro ^oc^ara onpe/xejiH,nH no bhaohs- 
MeHeHHoft MeTOAHKe Owcxe h Cy66apoy [12]; rz-HHTpo^eHO^a— cneKTpo(j)o- 
TOMeTpHHecKH, H3MepH5i njiOTHOCTb ero OKpacKH b meJio^HOH cpezie npn 
400 mmk h .cpaBHHBaji c njiOTHOCTbio CTaHjxapTHoro pacxBopa n-HHTpo$e- 
^ojia. 
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KoHueHTpauHio pacTBopoB cepHJinnpo(})oc4)aTa (I), cepHJiMOHo^occ^a- 
Ta (II) h n-HHTpoc|)eHH^4)oc$aTa Haxo^HJiH. MHHepa;iH3yfl BemecTBa no 
, HeopraHH^ecKoro fyoctyara (140—150°, 3 qaca. e.HCI0 4 ). 

Anajim peaiojHOHHOfi cmqch. AHajiH3 npoBOixxjiH Ha aMHHOKHCJTOTHOM 
aHajiH3aTope Evans Electroselenium Limited «LGD» (Ahtvihh) nocne npe- 
KpaweHHH peaKUHH npH no6aBJieHHH paBHoro oe^eMa 10% TXY, 10-MHHy-r- 
Horo ueHTpH^yrHpoBaHHH npn 3000 o6/muh h ,aoBe,aeHHa pacTBOpa no 
pH 2,2. CMecb HaHocHJiH Ha KOJiOHKy (0,9x150 cm) co cmojioh AM6epjiHT 
CG : 120 (CI); a^fioHpoBa^H 0,2 m, mrrpaTHHM 6yc|>epoM c pH 3,25. 

PeaKiijiOHHyio CMecb aHajiH3HpoBaJ*H MeTOAOM KononoHnoik xpoMa-ro- 
rpij^HH Ha aHHOHoogMeHHoft CMOJie Zlay3Kc 1X2 (200—400 jiteiu, 47X 
Xl,8 cm). BemecTBa 3JitOHpOBajiH npH nocToamio B03pacTaiomeM rpa^H- 
eHTe: ot 0,1 m. MypaBfaHHon khcjiotw no 1 m. <J>opMnaTa nnpHUHHa (o6t>- 

eM CKJ1HHKH CMeillHBaHHfl 650 MA). npH 9THX yCJIOBHflX SJIIOailHH (J)OC(t)0- 

sraHOJiaMKH bmxoah/i b nepBbix 100 ma a^ioaTa. Sjiioar ynapHBajiH b 
BaicyyMe jxo HeSoJibiuoro o6-beM.a (0,3—0,5 ma) h aHaj]H3HpoBajiH c 
noMomtro 6yMa»CHoa xpOMaTorpa(J>HH b chctgmg nponaHOJi— 2 h. smmh^k 
(70:30), 3JieKTpo(J)opeTHqecKH (1000 e, 2 vaca, pH 5,6) m MHHepa/iH3auHeii 
n P H 140—150° 3 xiaca c HC10 4 , 

<tepMeHTaTHBHbiH rHflpojiHa. Ilpouecc H3yqajiH, Hcnojib3ya peaxuHOH- 
Hyio CMecb, coAepHcamyio b 1 ma . 1 mkmoa cydcrpara, 2 mkmoa MgS0 4 , 
50 mkmoa uHTparaoro HJiK aueTaxuoro 6y$epa h 150 MKe ^epMeiiTa; 
CMecb HHKydnpoBajiH 15 mhh. npn 37°, PeaKUHK) npenpama^H Ao6aBJie- 
HHeM paBHoro o6teMa 10% TXY h onpe^ejinjiH KOJiH^ecTBO OTAeJiHBiuero- 
ch HeopraHH^ecKoro $oc(J>aTa. 

*occ{)OTpaHC(j3epa3Ha5T aKTHBHOCTb khcjiom 4)oc<J)aTa3M, HccjiejiOBaBHHe 
ocymecTBJiH/iM b peaKUHOHHOH cMecH, cOAepjKauieft b 0,5 ma 5 mkmoa ce- 
pHjinHpo4)oc4)aTa (I) hjih rc-HHTpo$eHHJi$oc4)aTa, 500 ^t/<Mo>t ataHOJiaMH- 
Ha, z*OBe#eHHOro 3apaHee AoSasjieHHeM HC1 ao pH 5,5 h 250 mkb $ep- 
MeHTa. CMecb HHKy6npoBajiH 30 mhh. npH 37° aHajiH3HpOBajiH Ha aMH- 
hokhcjiothom aHajiH3aTope. 

PeaKUHOHHyio CMecb (pH 5,5), co£ep>Kamyio b.0,5 ma 5 mkmoa ce* 
pH<nnHpo<J>oc$aTa (l),MOO0 mkmoa 3TaH0JiaMHHa h 125 MKe . $epMeHT3, 
Bbiiiep>KHBa;iH 30, mhh. npH 37°; aHajiH3HpoBaJiH mctoaom kojiohohhoh 
xpoMaTorpa(J)HH. 

PeaKHHOHHyio CMecb, coaepxcamyio b 0,5 ma 1 mkmoa rz-HHTpo$eHHji- 
4>oc$aTa, 500 mkmoa MeTaHOJia, nponaHOJia, rjiHijepHHa, ivuoKQ3bi hjih 
6yTaH-l,4-AHOjia, 50 mkmoa aueraTHoro dy$epa c pH 5,5 h 150 MKe $ep- 
MeHTa, HHKy6HpoBajiH 15 mhh. npn 25°. PeanuHfo npeKpama^H aoeaBJienH- 
eM 10% TXY. B ajiHKBOTHOft qacTH no^yHeHHoro pacTBopa H3MepajiH 
KOJiimecTBO /i-HHTpo(J)eHOJia h $oc(J)opHOH KHCJioTbi- Bo Bcex cjiyua^tx Ha- 
6^K>AajiH o6pa30BaHHe 3KBHMOJi^pHbix kojihmcctb oSohx npojxyKTOB tha- 
pojiH3a. 

KaK BJiHHeT KOHi;eHTpauHH aiozenTopa Ha 4)oc$OTpaHC(J)epa3Hyio aK^ 
THBHOCTb $epMeHTa, onpeneJiHJiK HecKOjibKHMH cnocodaMH: a) b peaKUH- 
ohhoh CMecH, coAep^cameft b 0,5 ma 5 mkmoa n-HHrpo^eHHJi^occ^aTa, 500, 
1000 hjih 2000 mkmoa 'ivii0KO3bi, 50 mkmoa aueTaTHoro 6y(J>epa (pH 5,5) h 
150 MKe $epMeHTa; cwtecb HHKy6HpoBa7irf 10 mhh, npn 25°; b ajiHKBOTHofi 

UaCTH peaKUHOHHOft CMeCH HaXOAHJIH KOJlHtJeCTBO OCB0602XHBIJUHXCa n-Hur- 
pOCjDeHOJia H (J)OCC|)OpHOH KHCJIOTbl H o6Hapy>KHB9 Jl H 3KBHMOJI5ipHbie KOJ1H- 

MecTBa o6ohx. BemecTB; 6) peaKUHOHHyio CMecb (pH 5,5), coAep>Kamyio b 
0,5 ma 5 mkmoa n-HHTpo^eHHJii^occ^aTa, 500, 1000 hjih 1500 mkmoa sua- 
HOJiaMHHa h 150 mkb h^h 600 MKe $epMeHTa, HHKydHposajiH" 5 mhh. npH 
37°, Jla^iee nocTynajiH TaK, ksk onncaHo b a. 
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BbiHGHeHHe bjihhhhh speMeHH HHKy6au.HH Ha <poc<pOTpaHC(pepa3Hyio aK- 
THBHOCTb (pepMeHTa npoBOflHJiH: a) b peaKUHOHHoft CNiecn (pH 5,5), co- 
aepHcamefi b 0,5 ma 5 mkmoa n-HHTpo(peHHJi<poc<paTa, 500 mkmoa 3TaHOJi- 
aMHHa h 150 mkz (pepMeHTa; cMecb HHKy6HpoBajiH 5, 20 h 40 mhh. npH 
37°; 6) peai<UHOHHyio CMecb, coaep>Kamyio b 0,5 ma 1,0 mkmoa n-HHTpo- 
(penHJicpoccpaTa, 500 mkmoa nponaHOJia, 50 mkmoa aueiaTHoro 6y<pepa 
(pH 5,5 hjih 5,2) h 30 mkz (pepMeHTa, HHKy6HpoBajiH 1 hjih 2 *iaca npn 
25°. Bo Bcex any<iaHx npoHcxoAHJio o6pa30BanHe SKBHMOJiapHbix kojimhcctb 
/z-HHTpo<peHo.na h HeopraHHqecKOio (poapaTa. 

Hcno^b30BaMHbie b pa6oTe cepHJicoaepjKamHe coeaHHeHHsi aBJiflJiacb 
npoH3BOAHbiMrt D, Z--cepnHa. 
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oTpySeft nuieHHUW h weJioHHofi cpoccpaTasbi E. coli. 
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M3 rpynnw npOTHBOOnyxojieBbix aHTHOHOTHKOB, naiajio KOropoH 6hjio 
no^o>«eHo ompfaiTHeM aypeojioBofl khcjiotm [2], b iiacTOfluiee BpeMH xopo- 

lilO HSyieHbl H npaKTHMeCKH npHMeKHlOTCH B OHKOJ!OrHH TOJIbKO flBa 3HTH- 




Coo6menhe XV cm. [1]. 



